Abktract.-Energy d i s p e r s i v e X r a y d i f f r a c t i o n p a t t e r n s have been recorded each 15 minutes during t h e annealingtreatment of a g.d a.Sig7 HQ powder. Two s e r i e s of h e a t i n g were performed up t o 350°C and 650°C separated by a r e t u r n t o room temperature. I. R. absorption spectroscopy revealed b e f o r e annealing a t l e a s t 15 a t % of oxygen i n t h e powder. The atomic d i s t r i b u t i o n functions (A.D.F.) were c a l c u l a t e d and compared t o t h e p u r e a.Si ADF and a l s o t o t h a t of a.Si50050. I t i s shown t h a t chemisorbed 0 atoms do not a f f e c t t h e ADF of a SF-H before annealing but t h a t Si-0 covalent bond d i s t a n c e s appear c l e a r l y a t 650°C following t h e Hydrogen e f f u s i o n ADF changes.
Introduction.-The atomic s t r u c t u r e of a S i H f i l m s a c t u a l y designed f o r p h o t o v o l t a i c
devices cannot be e a s i l y determined. Their thickness, from 1000 t o 10.000 8 i s too l a r g e f o r e l e c t r o n d i f f r a c t i o n experiments (100 t o 500 8 ) required and too small f o r X rays (10 microns a t l e a s t ) .
Moreover t h e d e s c r i p t i o n of t h e l o c a l o r d e r of S i atoms and H atoms i n r e l a t i o n s h i p with t h e p r e p a r a t i o n parameters y i e l d i n g mixtures of v a r i o u s S i H bonds n i s n o t s i m p l i f i e d by d i f f r a c t i o n technique
giving an average of a l l configurations i n macroscopic volume. I t i s t h e reason why we p e r s i s t t o Operate a s follows : S t a r t i n g from m a t e r i a l s of high H concentration ( d e p o s i t s on non heated s u b s t r a t e ) we anneal t h e samples i n o r d e r t o g e t successive homogeneous composition and, we b e l i e v e , homogeneous l o c a l s t r u c t u r e .
X ray a n a l y s i s performed on l a r g e amount of m a t e r i a l s under powder form i n o r d e r t o i n c r e a s e t h e r e s o l u t i o n power.
We p r e s e n t h e r e a t e n t a t i v e study of t h e evolution of s t r u c t u r e during t h e annealing of a glow discharge a-Si-H powder prepared by Y. CATHERINE and G. TURBAN (Laboratoire de Physique c o r p u s c u l a i r e , Universit6 de Nantes, France).
Experiments.-We have used a furnace e s p e c i a l l y designed f o r t h a t purpose (1) . The powder h a s been enclosed between two f o i l s of mica hold by c l i p s i n a s t a i n l e s s s t e e l tube. This tube was i n c o n t a c t with a W.wire heated m e t a l l i c block. A thermocouple measured t h e temperature of t h e block. This furnace was s e t on t h e a x i s of t h e goniometer.
A vacuum chamber with kapton windows i s o l a t e d t h e sample from t h e ambiant a i r . A f t e r a primary pumping was done, a p a r t i a l p r e s s u r e of He was introduced t o prevent o x i d a t i o n during t h e annealing experiment.
Our h e a t i n g system allowed t h e temperature of t h e sample h o l d e r t o r i s e up t o 650°C. I t i s l i k e l y t h a t t h e sample temperature was a l i t t l e b i t lower . The d i f f r a c t i o n p a t t e r n obtained by transmission h a s been recorded using t h e energy d i sp e r s i v e technique a l r e a d y described elsewhere ( 2 ) . I t i s i n f a c t necessary i n a dynamic p r o c e s s such a s annealing t o record t h e whole diagram a t each moment, l i k e i n a photographic recording. Otherwise t h e end and t h e begining of t h e spectrum should correspond t o two d i f f e r e n t s t a g e s of annealing. W e took f o r each temperature two p a t t e r n s a t 2 0 = 20° and 2 8 = 400 with a counting time of 900 seconds f o r each one.
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Fig. 1 F i r s t s t a g e of a.Si57H43 anneal i n g . Temperature s t e p s a r e i n d i c a t e d i n degree C s t a r t i n g from t h e bottom.
The top c u r v e corresponds t o a break of t h e h e a t i n g procedure 
A f i r s t diagram of t h e sample was taken a t 20°C w i t h t h e u s u a l 0 d i s p e r s i v e technique i n o r d e r t o g e t a r e f e r e n c e f o r t h e n o r m a l i z a t i o n of energy d i s p e r s i v e p a t t e r n s .
T h e s e p a t t e r n s a r e t h e r e s u l t of t h e m u l t i p l i c a t i o n of t h e a c t u a l i nt e r f e r e n c e curve by t h e p r o f i l e of t h e continuous white beam of t h e X r a y tube. I n o r d e r t o o b t a i n i n f o r m a t i o n s on t h e hydrogen c o n t e n t and bonding t o S i atoms we have done d e n s i t i e s and i n f r a -r e d t r a n s m i s s i o n measurements on t h e samp l e b e f o r e and a f t e r annealing.
The d e n s i t y has been measured by f l o a t a t i o n technique i n a m i x t u r e of bromomethane and e t h y l i c a l c o h o l . The accuracy h a s been e s t i m a t e d t o 1% on a t e s t experiment on c r y s t a l l i n e s i l i c o n . Results. -
Two annealing procedures have been a p p l i e d t o t h e same sample without removing i t from t h e furnace.
A f i r s t s e r i e of p a t t e r n s were t a k e n a t 20, 200, 250, 350°C and back t o 50°C.
A second s e r i e was performed a day a f t e r a t 20, 410, 496, 560, 600, 650 and back t o 50°C.
The corresponding reduced i n t e r f e r e n c e f u n c t i o n s k ( I ( k ) -l ) a r e g a t h e r e d on f i g . 1 and 2.
The main f e a t u r e s of t h e annealing e f f e c t s a r e a s follows.
For t h e f i r s t s e r i e t h e t y p i c a l s h o u l d e r on t h e 3 r d h a l o of t h e well known c u r v e f o r a.Si d i s a p e a r s a t 250°C. This i s an unexpected phenomenum s i n c e t h e e f f u s i o n of hydrogen i s supposed t o l e a d t o t h e p u r e a.Si curve. One should have a t t r i b u t e d i t t o a thermal e f f e c t i f t h e s h o u l d e r would have reappeared a f t e r c o o l i n g down t h e sample t o room temperature.

But a t 50°C t h e 3rd h a l o i s s t i l l u n s p l i t t e d , l a r g e and d i f f u s e . The f i r s t and second h a l o do n o t show s i g n i f i c a n t m o d i f i c a t i o n s .
During t h e Second s t a g e of annealing an important s h i f t of t h e t h i r d h a l o i s observed towards t h e low k v a l u e s .
The maximum goes from 5.7 I-' t o 5,O x-' a t 650°C.
A s l i g h t r e v e r s e e f f e c t o c c u r s when c o o l i n g back t o 500C but t h e maximum i s s t i l l a t 5 , 3 A-1. Meanwhile t h e f i r s t a.nd second h a l o e s a r e broadened and t h e maxima and minima a r e l e s s and l e s s marked.
The i n f r a r e d spectroscopy r e v e a l s a high c o n c e n t r a t i o n of hydrogen i n t h e a s prepared sample but a l s o , r e f e r r i n g t o KNIGHTS s t u d y t h e presence of oxygen which amounts a t l e a s t t o 15 % ( 3 ) .
A f t e r annealing a t 650°C hydrogen i s t o t a l y e f f u s e d i . e . t h e r e i s no t r a c e of i t on t h e I.R. a b s o r p t i o n curve. JOURNAL D E PHYSIQUE
The d e n s i t y of t h e s t a r t i n g sample i s 1.79 and a f t e r annealing a t 6500C i t was found t o be 2.0. We have c a l c u l a t e d t h e F o u r r i e r transforms of t h e i n t e r f e r e n c e functions r e l a t i v e t o t h e non annealed sample, a f t e r t h e f i r s t s t a g e a t 350°C and a f t e r t h e second s t a g e a t 650°C.
These t h r e e atomic d i s t r i b u t i o n functions a r e compared t o t h a t of pure a-Si.
The ADF of a-Si-H i s c o n s i s t e n t with our previous r e s u l t s ( 4 ) i.e. a well marked peak a t 4.8 fi which does not e x i s t i n pure a-Si. This peak has been a t t r i -
A f t e r t h e treatment a t 350°C t h e peak a t 4.8 1 disappears. A f t e r t h e 650°C s t a g e a new f e a t u r e t a k e s p l a c e : one observes a l a r g e peak with a maximum a t 1.6 8 and a shoulder on t h e l e f t s i d e of t h e second peak. The maximum p o s i t i o n i s a t 3.2 1. Tnese two d i s t a n c e s correspond t o t h e SiO and Si-Si f i r s t d i s t a n c e i n Si02(5).
Discussion.-Using t h e measured d e n s i t i e s one can c a l c u l a t e t h e coordination number of t h e f i r s t Si-Si neighbors -f o r t h e sample b e f o r e and a f t e r h e a t i n g treatment. One founds 3.25 and 3.32. These numbers have n o t t h e same physical s i g n i f i c a t i o n . We know from I.R. spectroscopy t h a t i n t h i f i r s t sample t h e r e i s a high concentration of hydrogen. From t h e formula C = 4 -where C i s t h e coordination number we can d e r i v e t h e H concentration. For C = 3 . z , x # 4 3 % i f one suppose t h a t S i atoms a r e only bonded t o H atoms.
I n t h e second case, hydrogen has been t o t a l y effused . Moreover, Si-0 d i s t a n c e s appear on t h e ADF of t h e sample. So, t h e coordination number 3-32 i s t h e weighted average of Si-Si and 0. 0 f i r s t neighbors. (2.35 and 2.65 A).
From t h e works of YASAITIS e t a1 ( 6 ) i t i s known t h a t t h e s t r u c t u r e of S i 0
) can be regarded a s t h e mixture of S i and Si04 t e t r a h e d r a a t a small s c a l e but-got of S i and S i 0 a t a l a r g e scale. Taking i n t o account t h i s knowledge 2 we can e s t i m a t e a oxygen concentration from t h e d i f f e r e n c e between 4 and 3.32 f o r t h e mixture Si-Si and 0-0 p a i r d i s t a n c e . We f i n d 20% of oxygen.
Remembering t h a t I.R. spectroscopy gave a t l e a s t 15 % of oxygen f o r t h e non annealed sample one can observe t h a t almost t h e same concentration i s found a f t e r annealing.
Conclusion.-Annealing of a p a r t i a l y oxidized aSi.H powder undergoes two s t a g e s of s t r u c t u r a l evolution. The Hydrogen desorbtion, during t h e f i r s t s t a g e up too3500C i s accompanied by t h e disapearance of t h e c h a r a c t e r i s t i c p a i r d i s t a n c e a t 4.8 A on t h e H r i c h ADF.
Up t o 650°C oxygen d i f f u s e s from i n t e r s t i t i a l s i t e s t o effused H s i t e s and form covalent bonds between S i atoms. This i s demonstrated by Si-0 p a i r d i stances appearing on t h e ADF a f t e r annealing whereas they were n o t v i s i b l e before, d e s p i t e t h e presence of t h e same amount of chemisorbed oxygen atoms.
